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ABSTRACT 



Integrated-circuit wafers and the lithographic masks . 
and reticle s used in their fabrication must-be inspected 
f or defect s. Conventional systems accomplish such in- 
spection by bright-field illumination and comparison of 
corresponding portions of two supposedly identical 
patterns on the workpiece. The minimum-size defect 
that can be so detected is set by misalignment between 
the patterns. Dark-field illumination of the portions to 
be compared significantly enhances the detection cap a- 
bilities of such an inspjectionjystem. For a given mis- 
aJigmnent,"3aT^fielE"illumination permits the detection 
of defects at least four times smaller than those detect- 
able in a conventional bright-field-iUuminated system. 

28 Claims, 11 Drawing Figures 
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(PRIOR ART) 
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FIG. 2 

SPACED- APART AREAS BEING COMPARED 
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INSPECTION SYSTEM UTILIZING DARK-FIELD 
ILLUMINATION 

BACKGROUND OF THE INVENTION 5 

This invention relates to the manufacture of integral 
ed-circuit wafers and more particularly, to a method 
and an apparatus for inspecting lithographic masks and 
reticles used in the fabrication of such wafers and/or for 
inspecting the wafers themselves. ^ 

Feature widths on masks and reticles used in making 
integrated circuits have continued to shrink. Thus, for 
example, masks for one-to-one scanning printers may 
contain features less than about two micrometers (jim) 
in width, reticles for one-to-one step-arid -repeat cam- 15 
eras may contain features less than about one fim and 
X-ray masks may contain feature widths of only about 
0.5 u,m. 

Ideally, workpieces such as masks, reticles and wafers 
should be inspected for defects down to about half the 20 
minimum feature size. In practice, though, this is often 
not possible. For example, one commercially available 
mask inspection system is capable of detecting a mini- 
mum-siie defect of only about one /Am, and this capabil- 
ity degrades to about two fim in complex areas of the 25 
mask under inspection. (Hereinafter, the term "mask" is 
to be construed to mean either a mask or a reticle. This 
invention is applicable to the inspection of either type of 
element. And, as will be specified later below, die in- 
vention is also applicable to the inspection of wafers. 30 
But, for illustrative purposes, the discussion both in this 
background section and in the detailed description 
below will be primarily directed to inspecting masks.) 

Conventional systems accomplish mask inspection by 
bright-field Ulumination of a portion of a chip pattern on 35 
the mask. A signal derived therefrom is compared with 
another signal representative of a corresponding por- 
tion of another supposedly identical chip, pattern. The 
second portion may be viewed on-line, as described in 
"An Automated Mask Inspection System-AMIS," by J. 40 
H. Bruning, M. Feldman, T. S. Kinsel, E. R. Sittig and 
R. L. Townsend, IEEE Transactions on Electron De- 
vices, Vol. ED-22, No. 7, July 1975, pp. 487^95, or as 
embodied in the KLA-101 Automatic Photomask In- 
spection System made by KLA Instruments Corpora- 45 
tion, Santa Clara, Calif. Alternatively, a comparison 
signal representative of the second portion may be 
stored. Or such a comparison signal may be derived 
from software (as in the KLARIS system made by 
KLA). In any case, differences between the two signals 50 
are detected as defects. 

In practice, the minimum-size defect that can be de- 
tected by an inspection system of the aforespecified 
type is set by false error indications arising from mis- 
alignment between the chip patterns being compared. 55 
At a given misalignment, the minimum detectable de- 
fect is defined as the defect which produces a signal as 
large as the false signal arising from the misalignment. 

Misalignment between the chip patterns may arise 
from residual alignment errors in the inspection sys- 60 
terns, mismatched optical distortions, mask distortions, 
linewidth variations, etc. Although software algorithms 
can help to compensate for misalignment, they are lim- 
ited both by data quantization errors and by the fact 
there may not actually be a perfect alignment condition. 65 

Accordingly, workers in the field have directed ef- 
forts at trying to devise improved inspection systems of 
the type specified above. In particular, their goal was a 
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system capable of detecting defects smaller than those 
detectable by known systems. It was recognized that 
such efforts, if successful, could contribute significantly 
to improving the overall process of fabricating inte- 
grated circuits. 

SUMMARY OF THE INVENTION 

Hence, an object of the present invention is to im- 
prove the manufacture of integrated-circuit wafers. 
More specifically, an object of this invention is an im- 
proved method and apparatus for inspecting masks used 
in the fabrication of such wafers and/or for inspecting 
the wafers themselves. 

Briefly, these and other objects of the present inven- 
tion are realized in a specific illustrative embodiment 
thereof in which workpiece patterns to be compared are 
illuminated in a dark-field mode in which incident light 
is directed at the surface of the workpiece at a glancing 
angle. In such a mode, only light scattered from the 
perimeter of a feature or defect is detected. But, signifi- 
cantly, for a given misalignment, the ratio of defect 
signal-to-misalignment signal for relatively small de- 
fects is found to be much greater with dark-field illumi- 
nation than with conventional bright-field iUumination. 
Hence, dark-field illumination in an inspection system 
provides a basis for greatly increasing the detectability 
of small defects. 

In accordance with applicants' invention, it is advan- 
tageous in a dark-field-illuminated inspection system to 
also have a bright-field-illumination capability. The 
reasons for this will be specified later below. 

Moreover, applicants have determined that, for 
masks most of whose features lie along preferred direc- 
tions, it is advantageous to remove dark-field-illumina- 
tion from bands a few degrees wide normal to these 
directions. The reasons for doing this will also be speci- 
fied later below. 

BRIEF DESCRIPTION OF THE DRAWING 

A complete understanding of the present invention 
and of the above and other features thereof may be 
gained from a consideration of the following detailed 
description presented hereinbelow in connection with 
the accompanying drawing, in which: 

FIG. 1 depicts a known mask inspection system; 

FIG. 2 represents two compared mask areas one of 
which contains a defect; 

FIG. 3 represents features in two compared mask 
areas and illustrates a misalignment therebetween; 

FIG. 4 is a schematic representation of a specific 
illustrative mask inspection system made in accordance 
with the principles of the present invention; 

FIG. 5 shows the manner in which incident light is 
scattered by and collected from a feature or defect 
illuminated in the dark-field mode; 

FIG. 6 shows an alternative way of providing dark- 
field illumination in the FIG. 4 system; 

FIG. 7 is a top view of a portion of the FIG. 4 system; 

FIG. 8 is a top view of a portion of a modification of 
the FIG. 4 system; and 

FIGS. 9 through 11 are graphs helpful in comparing 
the conventional bright-field mode with applicants* 
inventive dark-field mode of inspection. 

DETAILED DESCRIPTION 

The principles of the present invention are applicable 
both to the inspection of masks and to the inspection of 
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wafers. For masks, conventional bright-field Ulumina- light is focused onto standard photodetector arrays 32 

tion involves propagating light substantially normal to and 34 which provide electrical output signals represen- 

one main surface of the mask and collecting all or virtu- tative of the illuminated mask patterns. ^ 
ally all of the light transmitted through the iUuminated The signals pr ovided by the arrays 32, Jj4 of FIG. 1^ 

areas and exiting from the other main surface of the 5 are rpjrp^^d ?md processedin a standard si gnal proces- , 

mask. For wafers, conventional bright-field illumination sor and jnini canipiiter w unit36. The unit 36 then drives a ^ 

involves propagating light substantially normal to the djs^ia&^thakpjEQyides, for example, a vie^yjotgie^chip 

active or feature-containing surface of the wafer and areasJbejngjc^mparedMjda 

collecting all or virtually all of the light reflected from entir^mask^area. 

the illuminated areas of that surface, 10 ^Systexns^ofltfie type briefly described above are 

Hereinbelow, for purposes of a specific illustrative known. The commercially available systems made by 

example, emphasis will be directed to inspecting masks. KLA are of the general type shown in FIG. 1 and de- 

But it is to be understood that the principles of appli- scribed above. The system described in detail in the 

cants* invention are applicable to inspecting both masks aforecited article by J. H. Bruning et al is also of the 

and wafers. In the claims, therefore, the term "work- 15 general type described above but includes a scanned 
piece" is intended to be construed to encompass masks, source and a single photomultiplier detector per 

reticles and wafers. channel. 

In the conventional system schematically depicted in A discussion of the signals produced by circular de- 

FIG. 1, a standard workpiece 10 to be inspected is fects md by misaligned edges in a mask inspection sys- 

shown supported on a table 12. The table is mechani- 20 tem wm provide a basis for understanding the principles 

cally coupled to an XY drive assembly 14. 0 f the present invention. Such a discussion follows 

For illustrative purposes, the workpiece 10 of FIG. 1 bdow m connection piGS. 2 and 3. 
is assumed to be a mask. The mask 10 comprises an Assume that the viewing optics of the inspection 

optically transparent substrate having thereon optically $ystem m chara cterized b y a Gaussian point spread 

opaque features. One standard example of such a mask 25 function whose Ml width at half maximum (FWHM) is 

comprises a glass substrate with chromium features- w (The value w ^ constitutes the so-called resolution 

These features define at least two supposedly identical e]ement ofthe viewing opt ics.) Assume further that one 
chip patterns ► on the : mask. f ^ spaced-apart chip patterns being inspected con- 

i ^VS C ^"ViS^ Hr^nn^f r^ r y 30 tains a centrally located opaque circular defect 40 of 

located below the mask 10. The dimensions Of the aper- 30 .. .„ . „ j„„:„ f -j ;„ STA 

ture are slightly less than those of the mask. As a result, <l«am<*« * " ™ ™' a t v n™.i„. 

. , ^ / . . , . , iU , In the standard bright-field mode of mask lllnmina- 

only a relatively narrow peripheral portion of the mask "* ." . „, * „_„ rmBnm 

10 1 supported on the table 12. A main central portion *». it n .apparent that tt» 

oftheundersideofthemasklOistherebyaccessiblefor *™ to tanM fltfough the left-hand chip 

iUumination. This main portion contains the chip tea- 35 P atte ™ *at . contains fce opaque defect 40 (FIG 2) 

roresto be inspected receives less light than the other aforementioned plioto- 

In the FIG. 1 system, two spots of light are directed detector array As a result, a bright-field difference 

along dot-dash reference lines 16 and 18 at the under- signal B*/ attributable to the defect 40 is generated m 

side of the mask 10. The spacing of the spots is selected the unit 36 of FIG. 1. When d/w is small, B^can be 

to equal the chip spacing, or a multiple thereof, and the 40 approximated by the expression 
mask 10 is oriented so that, at any instant, the spots are . ^ 

directed at corresponding positions of ship patterns that 

were designed to be identical constant and Io is the peak value of the 

assem b ueT24T2g' As indicated, the incident light pro- cons ^ nts K* K 3 and K4 employed herein are 
vided thereby is propagated along lines 16, 18 which are rougUy of the same order of magnitude.) 
each perpendicular to the plane of the underside of the As mentioned .earlier above, difference signals are 
jujjjj jq generated in the mask inspection systems described 
By means of the assembly 14, the table 12 of FIG. 1 is 50 herein even in the absence of defects. Thus, for exam- 
repeatedly moved in the X direction. After each X- P le . relative misalignment between features m the pat- 
direction scan, the table 12 is stepped a predetermined tems bein S compared also produces a difference signal 
distance in the V direction bef ore the next X-directibn In practice, such misalignment-caused signals set the 
scan is coinmence^ 4nlnat way, multiple abutting X- value of the minimum-size defect that can be detected 
.direction scans are carried out to inspect specified chip 55 by the inspection system. 

patterns on the mask 10. FIG. 3 represents portions of two feature edges in- 

--'The amount of incident light that is propagated eluded in spaced-apart chip patterns being compared in 

through the mask 10 of FIG. 1 is dependent on the a mask inspection system of the type described herein, 

transmissive character ofthe pattern in each iUuminated In an ideal system with perfect alignment, the edges of 

area. Any amount from none (area totally opaque) to all 60 the two viewed features fall at identical corresponding 

(area totally transparent) of the incident light is trans- . points. Thus, for example) the right-hand edge of each 

mitted through the mask 10. ideal feature would extend through the center of its 

In the conventional so-called bright-field-iUurnina- respective resolution element. This is schematically 

tion mode represented, in FIG. 1, all or virtually all of depicted in FIG. 3 wherein feature edges 46, 48 respec- 

the light transmitted through the illuminated patterned 65 tively extend through the centers 50, 52 of resolution 

areas of the mask 10 of FIG. 1 is collected by lens as- elements 54, 56. In this ideal case, the transmitted light 

semblies 28 and 30 which comprise, for example, con- associated with each of the resolution elements 54, 56 

ventional microscope objectives. In turn, this collected would be exactly the same. Hence, no difference signal 
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(false defect signal) would be thereby generated by the ated filter. Alternatively, each source can constitute a 
unit 36 of FIG. 1. laser. 

But, as specified earlier above, perfect alignment is Advantageously, the angle 6 (FIG. 4) at which light 
rarely, if ever, achieved in practice. Thus, even in the is directed at the mask 10 in the dark-field mode is se- 
absence of an actual defect such as an undesired opaque 5 lectcd to be in the range of 0-to-75 degrees. Illustra- 
region on the mask, a false defect signal attributable to tively, the angle 6 is selected to be approximately 5 
misalignment is typically generated during mask inspec- degrees. 

tion. This is represented in FIG. 3 wherein the left-hand In the dark-field mode of operation of an inspection 
edge of the feature 42 is assumed, because of misalign- system made in accordance with the principles of applir 
ment by a distance a relative to the aforespecified ideal 10 cants* invention, only light scattered from illuminated 
condition, to fall along dashed line 58. edges of a feature or defect contained within the resolu- 

As a consequence of the misalignment represented in tion element of the viewing optics is collected and di- 
FIG. 3, it is apparent that the photodetector array re- rected to associated photodetector arrays. All other 
sponsive to bright-field light transmitted through the incident light is reflected and/or refracted along paths 
left-hand chip pattern receives less light than the other 15 that do not fall within the entrance aperture of the col- 
photodetector array shown in FIG. 1. As a result, a lecting optics. 

bright-field difference signal IW attributable to the The aforespecified dark-field condition is illustrated 
misalignment a is generated in the unit 36 of FIG. 1. in FIG. 5 wherein feature or defect 70 on one pattern on 
When a/w is small, IW can be approximated by the the workpiece 10 is represented as being obliquely illu- 
expression 20 minated by light beams directed thereat along center 

lines 72, 74. Illustratively, each beam is designed to 
(2) illuminate an area approximately 300 u.m in diameter on 

the workpiece surface. 

where K2 is a constant In some cases of practical interest, dark-field illumi- 

Roughly speaking, when the speckled area in FIG. 3 25 nat i 0 n can be achieved by a cone of light concentric 
attributable to misalignment approximately equals the with the axis of the associated lens assembly. If, in such 
area of the defect 40 of FIG. 2, the difference signal a case> ft is desired, as discussed later below, to eliminate 
B m js will approximately equal the difference signal Bdef. bands of dark-field illumination, this can easily be done 
This is evident from a consideration of equations (1) and by introducing stops to block selected portions of the 
(2)- 30 conical illumination pattern. 

The above argument is a geometrical one based on Light scattered from the edges of the feature or de- 
uniform illumination of the resolution element. This feet 70 is represented in FIG. 5 by lines 76, 78. Only 
gives an intuitive grasp but is not rigorously accurate. such scattered light is collected by the lens assembly 28. 
Applicants have actually considered a more detailed Scattered light collected by the lens assemblies 28, 30 
mathematical model which involves nonuniform (for 35 c f piG. 4 is directed at dichroic mirrors 80, 82. These 
example, Gaussian) Mumination. Using that more de- mirrors are designed, for example, to reflect light di- 
tailed analysis for one specific illustrative bright-field rcctc d thereat at the specified wavelength emitted by 
system in which w=l urn and d=0.52 u.m, B m t,approx- the dark-field-illumination sources 60 through 63. On 
imately equals B^or a misalignment a of about 0.2 urn. the other hand, bright-field iUumination provided by 

In accordance with one of the principles of the pres- 40 the sources 20, 22 at a different wavelength is designed 
ent invention, the chip patterns being compared in a to propagate straight through the mirrors 80, 82 to the 
mask inspection system are iUuminated in a dark-field previously mentioned photodetector arrays 32, 34. (Of 
godfc A specific illustrative dark-field-illuminatecl course, other known techniques such as polarization 
mask inspection system is schematically depicted in separation are available for separating bright-field and 
£3£^ 45 dark-field illumination.) 

For reasons that will be evident later below, the FIG. Dark-field-derived light reflected bv the mirrors 80, 
4 system also advantageously includes a bnght-field- $2 of FIG. 4 is propagated along paths 84, 86 to respec- 
iUimiination capability of the type described above in live photodetector arrays 85, 87 . In turn, electncaTsig- 
connection with FIG. 1. Thus, a number of the elements nals generated by the arra ys 85, 87 are applied to the 
shown in FIG. 1 are also included in the FIG. 4 system 50 um t 36, as indicated in FIG74] * 
which is designed to inspect the mask 10. These include "~~ln the "unique dark-field mode of mask inspection 
the table 12, the XY assembly 14, the sources, 20. an,4 22^ described herein, it is evident that the photodetector 
the lens assemblies 24, 26, 28 ad 30, the photodetector array 85 responsive to light from the left-hand chip 
arrays 32 and 34, the unit 36 and the display 38. pattern that contains the opaque defect 40 (FIG. 2) 

Additionally, in accordance with the principles of the 55 receives more scattered light than does the photodetec- 
present invention, the FIG. 4 system also includes tor array 87 which is responsive to light from the right- 
sources 60 through 63 and respectively associated lens hand chip pattern of FIG. 2. As depicted, the right-hand 
assemblies 66 through 69 which together serve to illu- chip pattern of FIG. 2 contains no edges that would 
minate corresponding portions^of two chip patterns on scatter light toward the lens assembly 30 of FIG. 4. As 
the mask 10 in a dark-field mode. In this mode, the mask 60 a reS ult ( a dark-field difference signal D de/ attributable 
portions are illuminated in a non-normal glancing man- to the defect 40 is generated in the unit 36 of FIG. 4. 
ner. In effe ct, dark-field niun imation_outlines^)nlv_the When d/w is sm all. D rff r canj>ej ap proxini ateoCby-the 
perimeter oTa tearure or detect onJhejnaslu expr ession" ~ 

^Advantageously, ibr reasons that will be evident later T ' 

below, the illumination provided by the sources 60 65 Ky/od (3) 
through 63 of FIG. 4 is selected to be within a specified 

wavelength band. This can be easily accomplished by where K3 is a constant and Jo is the intensity per unit 
utilizing, for example, a mercury arc lamp and an associ- length of the edge source of the scattered light. For 
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very large centrally positioned defects (d/w>>l), This is illustrated, for the mutually orthogonal X- and 

D</«/becomes small because the edge source falls outside Y-direction case, in FIG. 8 wherein 0 is, for example, 

the resolution element. But even then another signal selected to be in the range of l-to-20 degrees. Such 

will be detected when, during scanning, the viewing removal suppresses in effect much of the scattered light 

optics are centered over an edge of the defect. 5 that would otherwise emanate from these orthogonally 

For the particular misalignment condition repre- disposed regular features. As a result, the task of pror 

sented in FIG. 3, it is seen that the length of the dark- cessing data in the inspection system is considerably 

field edge source in the left-hand chip pattern is less simplified. In practice, the detection sensitivity of the 

than that of the edge source in the right-hand chip pat- system is also thereby improved. 

tern. Hence, the photodetector array 87 responsive to io Although dark-field illumination greatly increases the 

scattered light from the right-hand pattern receives detectability of small defects, it is generally advanta- 

more light than does the photodetector array 85 respon- ^ tQ fetain SQme bright . field capability even at a 

sive to scattered i light from the left-hand pattern. As a reduced 5^^. There are several reasons for doing 

result, a dark-field difference si^al D^atobu^le to ^ Firs ^ tone of { defects ^ be detef . 

themisahgnment a is generated in the unit 36 ►of FIG 4 15 g defects w{]] nQt be ^ 

When ^ w ^ small, \? mi Jv Can Y «ctSrf^^^^ ( third, opaque particles within large opaque areas can be 

Gaussian illumination) by the express™ hereby identiled and disregarded /desired. 

^4) Accordingly, the specific illustrative inspection sys- 
tem shown in FIG. 4 includes both dark-field and 

where K4 is a constant 20 bright-field illumination capabilities. By utilizing one or 

Significantly, for a given misalignment, the ratio of the other, or both types of illumination simultaneously, 

defect signal-to-misalignment signal is much greater for an advantageous system is achieved. Such a system 

dark-field illumination than it is for bright-field illumi- represents a significant improvement in the field of 

nation. In other words, for a given misalignment, a mask mask inspection. 

inspection system embodying dark-field illumination Much of the herein-described comparison of bright- 
can detect defects that are considerably smaller than field and dark-field inspection modes is graphically 
those detectable in a bright-field system. depicted in FIGS. 9 through 11 which represent the 
In one specific illustrative dark-field system in which results of a mathematical analysis for Gaussian ill umina- 
w=l uni and a =0.2 una (the same misalignment men- 3Q tion. In FIG. 9, relative bright-field and dark-field sig- 
tioned above for bright-field illumination), D^/approxi- levels due to misalignment are shown as a function 
mately equals Dm* when the diameter d of a defect has 0 f th e normalized misalignment a/w. The horizontal 
a value of only about 0. 1 1 /im. Thus, in this particular SCSi \ e ^ normalized with respect to the FWHM w of the 
example, the diameter of the min i m um-size defect de- pomt S p rea d function. Thus, for example, if the resolu-, 
tectable in applicants' dark-field inspection mode is tion of the v iewing opti cs is one um FWHM , t hchori- 
more than four times less than in the conventional zontal s cale reads birectly in microns. Illu stratively, this 
bright-field mode. The gain in sensitivity with dark- resolution is reaimy obtained wiCBlue light and a lenT 
field Mumination is even greater for smaller misalign- ^ se mb ly havmg a jumerical aperture of.about O.f j^T 
ments. normalization 01 tne signalTnas been chosen so that at 
•"In applicants' specific flustrative inspection system a/w= j the dark . ^ bright-field misalignment signals 
Shown m FIG. 4, dark-field Rumination of two spaced- 40 m ^ As mdicated m FIG . % & t two sign & are 
apart regions on the mask 10 is achieved by utilizing gRp ^ dmate!y equa i to each other over the entire range 
sources 60 through 63 that are positioned above the Q f a/w 

surface of the mask. Alternatively dark-field mumina- fa FIG. 10, the bright- and dark-field signals due to a 
tion for mask inspection can also be effectively imple- ^ defect m £ ^ the same normaliza . 
mented by positiorung the sources and associated lens « evident, there- 
assemblies below the mask. (For inspecting wor^ieces misalignment and defect size, the 

whose substrates are opaque, this alternative dark-field 1U *T 7 , ; \ ■ 1 V £„i; M . • ' . 

implementation is not feasible.) A portion of a system ratl0 + of f 

that embodies this alternative approach is schematically ^ ter *> r tok - field ^^tion than for bnght-field 
depicted in FIG. 6 wherein the sources and lens assem- 50 'S?!? 6 ,? a * . . . * . . " - , 
Ufa are numbered as in FIG. 4. " threshold for detecting defects 
FIG. 7 is a simplified top view of a portion of the without having false error mdications due to misalign- 
FIG. 4 system. So as not to unduly clutter FIG. 7, only * ents - f 10 ' 11 18 . a P 1 * of ™ d of a 
two of the four sources 60 through 63 utilized for dark- & VQ ?J h( l sam ? "8"£ *J ■ n^sahgnn^nt of size a: 
field fflumination of the mask 10 are shown therein. 55 B^d^B^a) and D^d)=D m u(a). FIG. 11 shows 
These sources 60, 63 and their respectively associated **t with dark-field mumination the threshold fox de- 
lens assembhes 66, 69 are positioned to propagate light acting defects without false error indications is at least 
along lines that each lie in a plane perpendicular to the a factor of four smaller than with bnght-field illumina- 
XY plane and wherein the line of intersection between tion. 

each such pair of planes lies along or is parallel to the X 60 Finally, it is to be understood that the above- 
axis, described inspection techniques are only illustrative of 
In practice, the vast majority of features on most the principles of the present invention. In accordance 
masks lie along preferred directions. In many cases, with these principles, numerous modifications and alter- 
these directions constitute mutually orthogonal direc- natives may be derived by those skilled in the art with- 
tions such as the X and Y directions shown in FIG. 7. In 65 out departing from the spirit and scope of the invention, 
view of this, applicants recognized that it is sometimes What is claimed is: 

advantageous to remove dark-field illumination from 1. Apparatus for inspecting corresponding portions of 

bands a few degrees wide normal to these directions. patterns that comprise features defined on a substrate 
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and for providing an indication of defects in said por- 11. Apparatus as in claim 10 also including means for 

dons, said apparatus comprising illuminating corresponding portions of said patterns in a 
means for illuminating said corresponding portions in bright-field mode, 

a dark-field mode to scatter light from Uluminated 12. Apparatus as in claim 11 further including two 

feature or defect edges, 5 additional photodetector arrays responsive to bright- 

and means responsive only to light scattered from field light directed thereat by said respective lens assem- 
edges in said corresponding portions for generating blies. 

difference signals representative of defects in said 13. Apparatus as in claim 12 further including means 

illuminated portions. interposed between each lens assembly and its respec- 

2. Apparatus as in claim 1 further including means for "> *ve associated pair of photodetector arrays for direct- 
ttluminating said corresponding portions in a bright- *ng dark-field scattered light onto one array of the pair 
field mode, ^ *° r directing bright-field light onto the other array 

and means responsive only to bright-field-mode light of the pair. ... 

from said corresponding portions for generating 14 Apparatus as in claim 13 wherein said directing 

difference signals representative of defects in said 15 means interposed between each lens assembly and its 

muminated portions. respective associated pair of photodetector arrays com- 

3. Apparatus as in claim 2 wherein said responsive P"?f a dichroic mirror. 

means includes means for distinguishing between dark- 1 15 A method of inspecting a workpiece for defects, 

field-mode light scattered from edges in said corre- _ * e workpiece comprising a substrate having features 

spending portions and bright-field-mode light from said 20 thereon, the features constituting si least two suppos- 

corresponding portions. ^ ldentlcal P atterns ' said method COm P nSmg ^ 

4. Apparatus as in claim 3 wherein said dark-field s * e .£ s 0 . A . ,. . . . , ^ 

.„ . vf t a' *i r~u* illuminating corresponding portions of said patterns 

uhnrunaang means composes means for chrectmg hgh m a dari f. field ^ light to be scattered 

at said correspomhng porUons along center knes that 2J from q{ feamres ^ defe ^ mcluded m ^ 

each form an angle m the range of 0-to-75 degrees with portions, 

the plane of said substrate. ^ collecting substantially only said scattered light, 

5. Apparatus as m claim 4 wherein said patterned ^ ^ sM ^ tQ ftte 
substrate is mounted on a table and said apparatus fur- QUtput signak representative of ^ defect 

ther compnses 30 tion of gaid yjuminated portions, 

means for moving said table successively in orthogo- , 6 A method M m cJaim 15 whefein ^ ^ of a 

nal directions to accomplish scanning of the pat- substantia] number of ^ features on said workpiece lie 

terns to be inspected. ^ ong QT para u e ] to preferred axes, and wherein the 

6. Apparatus as in claim 5 wherem the dark-field d i rec tions of incident dark-field illumination are se- 
illuminatmg means are positioned above the top surface 35 lected to minimize collectible light scattered from said 
of the substrate mounted on said table. feature edges. 

7. Apparatus as in claim 5 wherein the dark-field 17 A method as in claim 15 wherein said workpiece 
illuminating means are positioned below said table. comprises a mask including a transparent substrate hav- 

8. Apparatus as in claim 6 wherein most of the feature mg opaque features thereon. 

edges in said patterns lie along or parallel to orthogo- 40 ig. a method as in claim 17 wherein said correspond- 
nally disposed axes, and wherein the directions of inci- mg portions are also illuminated in a bright-field mode 
dent dark-field mumination are selected to minimize to transmit light through muminated transparent re- 
collectible light scattered from said feature edges. gions of said portions. 

9. Apparatus as in claim 7 wherein most of the feature 19, a method as in claim 15 wherein said workpiece 
edges in said patterns lie along or parallel to orthogo- 45 comprises a wafer. 

nally disposed axes, and wherein the directions of inci- 20. A method as in claim 19 wherein said correspond- 

dent dark-field iUumination are selected to min i m ize jug portions are also illuminated in a bright-field mode 

collectible light scattered from said feature edges. to reflect light from illuminated regions of said portions. 

10. Defect-detecting apparatus for inspecting a work- 21. Apparatus for inspecting a workpiece to deter- 
piece that includes features on a substrate, the features 50 mine whether or not a region thereof is patterned in 
constituting at least two patterns that are intended to be accordance with prescribed design standards, said appa- 
identical, said apparatus comprising ratus comprising 

two photodetector arrays, means for illuminating said region to cause light to be 
two lens assemblies respectively associated with said scattered from feature or defect edges in said re- 
arrays, each assembly being responsive to incident 55 gion, 

scattered light from a respective corresponding means for collecting only light scattered from the 

pattern portion for directing said light onto its entire extent of said edges and for providing an 

respective array, output signal representative thereof, 

means for illuminating corresponding portions of said means for providing a comparison signal derived 

patterns only at a glancing angle in a dark-field 60 from a pattern supposedly identical to the one in 

mode to cause light to be scattered from edges in said region, 

said portions and towards said respective lens as- and means for comparing said signals to provide an 

scmblies, indication of whether or not said region is pat- 

and means responsive to electrical signals provided terned in accordance with said prescribed design 

by said photodetector arrays for in effect compar- 65 standards. 

ing the light scattered from said illuminated por- 22. Apparatus as in claim 21 wherein said comparison 

tions and thereby providing an indication of defects signal is derived from another supposedly identically 

in said portions. patterned region on said same workpiece. 



07/07/2004, EAST Version: 1.4.1 



11 



4,595,289 



12 



23. Apparatus as in claim 21 wherein said comparison 
signal is derived from another supposedly identically 
patterned region on another workpiece. 

24. Apparatus as in claim 21 wherein said comparison 
signal is derived from a stored representation of the 5 
prescribed pattern in said region. 

25. A method of inspecting a workpiece to determine 
whether or not a region thereof is patterned in accor- 
dance with prescribed design standards, said method 
comprising the steps of 10 

illuminating said region to cause light to be scattered 
from feature or defect edges in said region, 

collecting only light scattered from the entire extent 
of said edges and for providing an output signal 
representative thereof, 15 



providing a comparison signal derived from a pattern 
supposedly identical to the one in said region, 

and comparing said signals to provide an indication of 
whether or not said region is patterned in accor- . 
dance with said prescribed design standards. 

26. A method as in claim 25 wherein said comparison 
signal is derived from another supposedly identically 
patterned region on said same workpiece. 

27. A method as in claim 25 wherein said comparison 
signal is derived from another supposedly identically 
patterned region on another workpiece. 

28. A method as in claim 25 wherein said comparison 
signal is derived from a stored representation of the 
prescribed pattern in said region. 
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